The coupling of the tricarboxylic acids, 1,3,5-benzene-tricarboxylic acid, cis,cis-1,3,5-cyclohexane-tricarboxylic acid and of citric acid, with rac-N 1 ,N 2 -di-Boc-1,2,4-triaminobutane affords the corresponding triamides which were deprotected. From the novel tris(bidendate) ligands with three terminal ethylenediamine donors the tris(cis-dichloro platinum) complexes were obtained.
Introduction
At present, multinuclear platinum complexes find much interest as "non-classical" platinum antitumor compounds with a high potential of activity which may overcome cisplatin resistance [2, 3] . Among others, Farrell and coworkers [2] are pioneers in the field and have -besides a series of bis(platinum) complexesdesigned and synthesized also tris(platinum) complexes with polyamine linkers [4] of which the highly potent compound [(H 3 N) 2 (Cl)PtNH 2 (CH 2 ) 6 NH 2 Pt-(NH 3 ) 2 NH 2 (CH 2 ) 6 NH 2 Pt(Cl)(NH 3 ) 2 ] 4+ (BBR 3464) was particularly well studied [5, 6] . Its mechanism of action to DNA differs from that of cisplatin [2, 6] . Other early examples of antitumor active tris(platinum) complexes were obtained by Navarro-Ranninger [7a] from spermidine (H 2 N(CH 2 ) 3 NH(CH 2 ) 4 NH 2 ), e. g. [(Cl 2 Pt) 3 (spermidine) 2 ] and by Mandal [7b] from thiopyridyltriazine. Several other trinuclear platinum complexes with various bridging ligands and with cytotoxic properties have been reported [8] .
In our group, the coupling of α, ω dicarboxylic acids HO 2 C(CH 2 ) n CO 2 H [9] , pyrrole-dicarboxylic acids [10] , pyridine-2,6-dicarboxylic acid, phenylene-1,4-diacetic acid, terephtalic acid dichloride, and benzene-1,2,4,5-tetracarboxylic acid [1] with the selectively protected N 1 ,N 2 -di-Boc-1,2,4-triaminobutane [9, 11 -13] [14] .
In continuation of these studies we report in the following the coupling of various tricarboxylic acids with the useful reagent 1,2,4-triaminobutane [9, 11] to give tris(bidendate) ligands for the synthesis of trinuclear metal complexes.
Results and Discussion
Exemplarily, tricarboxylic acids with an aromatic, an alicyclic and an open aliphatic backbone have been chosen. 1,3,5-Benzene-tricarboxylic acid trichloride, cis,cis-1,3,5-cyclohexane-tricarboxylic acid and citric acid were coupled with N 1 ,N 2 -di-Boc-1,2,4-triaminobutane and afforded the corresponding triamides 1 -3. Deprotection with a solution of hydrogen chloride in acetic ethyl ester yielded the free ligands 4 -6 as hydrochlorides from which, using K 2 PtCl 4 , the tris-(cis-dichloroplatinum) complexes 7 -9 were obtained (Scheme 1).
The high symmetry of the compounds 1 -9 renders the NMR spectra easy to survey. The 1 H and 13 C signals correspond to those of comparable compounds [9, 11] . The exchange of the chloro ligands by DMSO in [D 6 ]DMSO of 9 -12 can also be observed [9 -11] after a few hours. In the IR spectra of the complexes 9 -12 characteristic absorptions appear at 320 cm −1 (Pt-Cl), 565 cm −1 (Pt-N), 1660 cm −1 (amide), and 1530, 3200 cm −1 (N-H).
The evaluation of the cytotoxic properties of 9 -12 was hindered by the low solubility in water. Attempts to dilute solutions of 9 -12 in DMSO by water resulted in the partial precipitation of the complexes [15] .
Experimental Section rac-4-Amino-1,2-di(tert-butoxycarbonylamino)butane
was synthesized from trifluor-acetylhistidine [9, 11] . O-(Benzotriazol-1-yl)-N,N,N ,N -tetramethyluronium tetrafluoroborate (TBTU) and the tricarboxylic acids were purchased.
General method for the preparation of 1 -3
To a solution of the tricarboxylic acid (1 equiv.) in acetonitrile (5 mL) rac-4-amino-1,2-di(tert-butoxycarbonylamino)butane (2 equiv.), NEt 3 (4 equiv.) and TBTU (2 equiv.) were added at 0 • C. After 2 h, the mixture was warmed to r. t. and stirred for 12 h (DC control: SiO 2 , CHCl 3 / MeOH, 10 : 1 v/v, blue fluorescence). The mixture was heated under reflux for 1 h, stirred for 30 min and concentrated in vacuo. The residue was dissolved in EtOAc, and the solution was shaken with 1.1 M aqueous KHSO 4 (3×), saturated aqueous NaHCO 3 (3×) and saturated aqueous NaCl (1×). The organic phase was dried with MgSO 4 , and the solvent was removed in vacuo. The brown products were purified by chromatography [SiO 2 
General method for the synthesis of the hydrochlorides 4 -6
To a solution of 1 -3 in EtOAc (3 mL), EtOAc saturated with HCl (10 mL), was added. Gas evolution occurred, and after 2 h a colorless precipitate was formed which was washed with EtOAc (3×) and dry Et 2 O (1×) and dried in vacuo.
Compound 4: From 1 (400 mg, 375 µmol). 36 (s, 3 H, CH), 3.76 (s, 3 H, C2-H 
General method for the synthesis of the platinum complexes 7 -9
To a solution of 4 -6 in water (2 mL), the stochiometric amount of K 2 PtCl 4 (dissolved in a very small amount of water) was added, and the solution was heated to 65 • C. After cooling, about 90 % of the hydrochloride was neutralized with 1 M NaOH, and finally the resulting solution was adjusted to pH = 5.5 with 1 M NaHCO 3 under potentiometric control. During the neutralization the products were obtained as pale-beige precipitates which were centrifuged off, washed with ice cold water (3×) and ice cold EtOH (1×) and dried in vacuo.
Compound 7: From 4 (150 mg, 219 µmol), K 2 PtCl 4 (273 mg, 658 µmol) and 1 M NaOH (1.32 mL, 1.32 mmol). 
